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SUMMARY 
A v a i l a b l e  w ind- tunne l  d a t a  on s t a t i c  d i r e c t i o n a l  s t a -  
b i l i t y  a n d  c o n t r o l  have been c o l l e c t e d  a,nd s t u d i e d .  Meth- 
ods  b a s e d  on t h e s e  s t u d i e s  a r e  q i v e n  f o r  e v a l u a t i n g  t h e  
ae rodynamic  c h a r a c t e r i s t i c s  of v e r t i c a l  t a i l  s u r f a c e s  and  
t h e i r  c o n t r i b u t i o n  t o  s t a t i c  d i r e c t i o n a l  s t a b i l i t y  a n d  
c o n t r o l .  S p e c i a l  a t t e n t i o n  h a s  been p a i d  t o  t h e  e n d - p l a t e  
e f f e c t  of  t h e  h o r i z o n t a l  t a i l  on t h e  v e r t i c a l  t a i l  a n d  t o  
t h e  s idemash  i n d u c e d  by t h e  f u s e l a 3 e  a n d  t h e  t r a i l i n g  Tor- 
t e x  sys t em f rom t h e  winq. Methods b a s e d  on l i m i t e d  d a t a  
f o r  f u s e l a 3 e s  a n d  h u l l s ,  w i n g s ,  and  f u s e l a g e - w i n g  combina- 
t i o n s  a r e  a l s o  s i v e n  f o r  e s t i m a t i n g  t h o  c o n t r i b u t i o n  of 
t h e  mine; and  t h e  f u s e l n $ e  t o  d i r e c t i o n a l  s t a b i l i t g .  
T h i s  p a p e r  d o e s  no t  a t t e m p t  t o  e s t a b l i s h  c r i t e r i o n s  
f o r  d i r e c t i o n a l  s t a b i l i t y  a n d  c o n t r o l ;  r a t h e r ,  t h e  empha- 
s i s  i s  p l a c e d  on p r o v i d i n g  some b a s i s  f o r  d e s i ~ n  t o  s p e c -  
i f i e d  ~ r i t e ~ i o n s , .  An oxample a p p l y i n 3  t h e  d e s i g n  methods 
h a s  been i n c l u d e d ,  
IMTRODU C T I O N  
A s  a  p a r t  of  a  g e n e r a l  i n v e s t i g a t i o n  d i r e c t e d  t o w a r d  
d e v e l o p i n g  a  r a t i o n a l  sys t em of t a i l  d e s i g n ,  a  s t u d y  h a s  
been  ma.de of a v a i l a b l e  w i n d - t u n n e l  d a t a  on d i r e c t i o n a l  
s t a b i l i t y  and  c o n t r o l .  The n a i n  emphas is  h a s  been  p l a c e d  
on a  s t u d y  of t h e  a.er0dynapj.c c h a r a c t e r i s t i c s  of t h e  v e r -  
t i c a l  t a i l  s u r f a c e s  a n d  t h e i r  c o n t r i b u t i o n  t o  t h e  s t a t i c  
s t a b i l i t y  and  c o n t r o l  c h a r a c t e r i s t i c s  o f  a i r p l a n e s .  Da ta  
on t h e  c h a r a c t e r i s t i c s  of yawed f u s e l n q e s ,  h u l l s ,  w i n % s ,  
w i n s - f u s e l a g e  c o m b i n a t i o n s ,  a n d  wing-hu l l  c o m b i n a t i o n s  
have  a l s o  been c o l l e c t e d .  The p u r p o s e  of  t h i s  s t u d y  h a s  
been  n o t  t o  e s t a b l i s h  t h a  s t a b i l i t y  a n d  c o n t r o l  c r i t e r i o n s  
f o r  s a t i s f a c t o r y  f l i q h t  h a n d l i n g  c h a r a c t e r i s t i c s  b u t  r a t h -  
e r  t o  p r o v i d e  methods  f o r  d e s i ~ n  t o  s p e c i f i e d  c r i t e r i o n s .  
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R u d 4 e r - e f f e c t i v e n e s s  d a t a  were a v a i l a b l e  f o r  4 a i r -  
p l a n e s  aild 28 mode l s ,  i n c l u d i n g  two 35-f oo t - span  models  
of  n u l t i o n g i n e  a i r p l a n e s .  The c o n t r i b u t i o n  of t h e  v e r t i -  
c a l  t n i l  t o  s t , c , b i l i t y ,  t h a t  i s ,  y s v i n g  noments f o r  b o t h  
t a i l - a t t a c h e d  a n d  ta i l - rcmo-red c o n d i t i o n s ,  was a v a i l a b l e  
f o r  e i g h t  of t h e s e  n o d e l s .  Yawing-moment d a t a  f o r  f u s e -  
l a g e s  and h u l l s  were a v a i l a b l e  f o r  17  n o d e l s ,  Fo r  4 of 
t h e  1 7  mode l s ,  yaw t e s t s  had  a l s o  beeen made of t h e  wing 
a l o n e  and of t h e  w i n g - f u s e l a g e  combina t ion .  
The s t u d y  of t h e  f o r c e s  on t h e  v e r t i c a l  t a i l  i s  an  
extension of t h e  work of r e f e r e n c e s  1 and. 2 ,  which c o n c e r n  
t h e  h o r i z o n t a l  t a i l ,  slid c o n s i d e r a b l s  u s e  h a s  been  made 
of t h e  ~ l e t l ~ o d s  t h a t  t h o y  p r e s e n t .  Ana lyses  v e r e  t h u s  di- 
r a c t e d  t o v a r d  t h s  d e t e r m i n a t i o n  of t h o  c h a r a c t e r i s t i c s  of 
t h e  i s o l c t e d  t a i l  s u r f a c e  a n d  t h e  a f f e c t i v e  v e l o c i t y  and 
t h e  d i r e c t i o n  of t h e  a i r  f l o w  a t  t h e  t ~ i l ,  1Lnalyses of 
t h e  yav~ini ;  mocents  of t h o  r v i s g - f u s e l a g s  com"oinat ions  were ,  
i n  g s n c r n l ,  much l e s s  ~ s t i s f ~ ~ c t o r y ,  owing t o  t h e  i nadequacy  
of methods f o r  e v s l v 2 t i n g  z i t h e r  t h e  c o n t r i b u t i o n  of t h e  
f u s c l z g c  nnd t h e  wing o r  of t h e  l n r g c  w i n g - f u s e l a g e  i n t e r -  
f e r e n c e  e f f e c t s .  
Two-view d rawings  of t h e  4 a i r p l a n e s  and  t h e  28 
mo6els  a r c  g i v c n  i n  f i g u r e  3. Many d i v e r s e  t y p e s  a r e  r e p -  
r a s e n t c d ,  most of t h e n  of r e c e n t  d e s i g n .  The g e o m e t r i c  
c h a r z c t c r i s t i c s  z r e  l i s t e d  i n  t a b l e  I .  
WoCels 1 and  2  and z i r p l a n e s  3 t o  6  v e r e  t e s t e d  i n  
t h e  K L C A  f u l l - s c a l e  wind t u n n e l ;  n o d a l s  '7 t o  1 0 ,  i n  t h e  
XACA 20-foot  wind t u n n e l ;  models  11 t o  1 6 ,  i n  t h o  BACA 7-  
by 1 0 - f o o t  win2 t u n n e l ;  and models  1 6  t o  32 ,  i n  t h e  Wright  
F i e l d  5 - f o o t  wind t u n n e l ,  
A I R F O I L  APPL 122, TO THE 9EBT I CiLL T A I L  
C o n s i d e r a b l e  u n c e r t a i n t y  a t t e n d s  t h e  a p p l i c a t i o n  of 
t h e  u s u a l  a i r f o i l  t h c o r y  t o  t b c  d e s i g n  of v e r t i c a l  t a i l s ,  
owing t o  t h e i r  low a s p e c t  r n t i o ,  t h e  n c c e s s n r i l y  a r b i t r a r y  
methods of d e f i n i n g  tSe  a r e a ,  and  t h e  l a r g e  aerodynamic  
e f f e c t s  of t h e  f u s e l a g e  a n s  t h e  h o r i z o n t a l  t n i l .  F u r t h e r -  
more ,  t h e  c i r  f l o w  i n  t h e  r e g i o n  of t h e  v e r t i c a l  t a i l  may 
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b e  v e r y  i r r e g u l a r ,  p a r t i - c u l r r l y  when t h e  a i r p l a n e  i s  
yawed,  b e c a u s e  of t h e  ].ow v e l o c i t i e s  i n  t h e  wakes of t h e  
w ing  and t h e  f u s e l a g e  and  ' t h e  v p r t i c i t y  i n  t h e  a i r  f l o w  
due  t o  t h e  t r a i l i n g - v o r t e x  sys t em.  These f c c t o r s  a r e  s ep -  
a r a t e l y  d i s c u s s e d  w i t h  t h e  p u r p o s e  of developing c o n s i s t -  
e n t  methods of t a k i n g  them i n t o  consideration. 
Symbols 
d a s p e c t  r o t i o  
b span  
L fu-sd lnge  l e n g t h  
Z d i s t a n c e  from c e n t e r  of g r a v i t y  of  model t o  t h e  
r u d d e r  h i n g e  l i n e .  
S  a r e a  
Fi f a s e l a g e - w i n g  i n t e r f e r e n c e  f a c t o r  
q c f f ' e c t i v e  iiliynamic p r e s s u r e  a t  t a i l  
q / Y o  r a t i o  of e f f e c t i v e  dynamic p r e s s u r e  a t  t a i l  t o  
f r e e - s t r e a m  dynamic p r e s s u r e  
p d e n s i t y  
dCn ' / d s r  r u d d e r  e f f e c t i v e n e s s  
T r e l a t i v e  r u d d e r  e f f e c t i v e n e s s  ( y2/%) 
- 
c mean c h o r d  
CN n o r m a l - f o r c e  c o e f f i c i e n t  
C n '  pawing-momcnt c o e f  f i c i e n t  (wind a x e s )  
I e f f e c t i v e  t h r u s t  Tc t h r u s t  c o e f f i c i e n t  \ p V2D2 
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i* 
II p r o p e l l e r  d i a m e t c r  
a a n g l e  of a t t a c k ,  d e g r e e s  
1 a n g l e  o f  yaw, d e g r e e s  (wind a x e s )  
G l o c a l  s idewash  a u g l a  n e a s u r c d  from t h e  wind a x i s ,  
n c g a t i v e  when i t  i n c r e a s e s  t h e  a n g l e  of a t t a c k  
of  t h c  rawcd v c r t i c a l  t a i l ,  d c g r e c s  
S d s f l c c t i o n  of movable s u r f a c e ,  d c g r e c s  
Ch hinge-moment c o c f f  i c i e a t  / h i n g e  moncnt \ 1 
i 
Yf c ros s -wind  f o r c e  of f u s e l a g e  
C y f l  c ros s -wind  f o r c o  c o e f f i c i e n t  o f  f u s e l n g e  
,I. 
q vo lz i3  ) 
u ,  v  c o e f f i c i e n t s  o f  C n +  and 6 ,  i n  t h e  h i n g e -  
moment  e g u n t i o n  
S u b s c r i p t s :  
t v o r t i c ~ ~ l  t a i l  
r r u d d e r ,  e x c l u d i n g  b a l a n c e  
b  b a l a n c e  
f  f u s e l a g e  
FI wing 
A a i r p l a n e  
Def i n i t i o n s  of Gcome t r i c  C h a r a c t e r i s  t i c s  
The u s u a l  v c r t i c a l  t c . i l  s u r f a c o s  f a l l  i n t o  f i v e  
f a i r l y  w e l l - d e f i n e d  g roups .  An example of e a c h  i s  shown 
i n  f i g u r e  2 ,  which  a l s o  d . e f i n o s  t h e  span .  Type I ,  c o r r o -  
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s p o n d i n g  t o  t h e  t w i n - t a i l  c o n s t r u c t i o n ,  i s  mas t  n e a r l y  a 
normal  a i r f o i l  and i t s  span  and  a r e a  a r e  d e f i n e d  i n  t h e  
u s u n l  manner. Type I1 i s  a t t a c h e d  t o  a f u s e l a g e  t h a t  
t a p e r s  t o  a p o i n t  2,t t h e  r e a r .  Tlle spnn and t h e  a r e a  a r e  
b o t h  mecxsured t o  t h e  h o r i z o n t a l  t a i l ,  which assumes t h e  
p a r t  of a n  end  p l a t e .  Types 1 1 1  and V a r e  found  on f u -  
s e l z g e s  t h a t  Gaper ,  n o t  t o  3 p o i n t ,  b u t  t o  a  v c r t i c c l  
k n i f e  edge at t h e  r e a r ,  The span  I s  measured  t o  t h e  h o r i -  
z o n t a l  t a i l ,  and  t h c  a r e a  i s  t z k c n  a s  t h e  sun  of t h e  f i n  
a r e a ,  measured  t o  t h e  h o r i z o n t a l  t a i l ,  a n d  t h e  t o t a l  mov- 
a b i c  a r e a .  Fo r  t y p e  I V  w i t h  t h e  h o r i z o n t a l  t o i l  mounted 
oil t h e  v e r t i c a l  t a i l ,  t h c  s p a n  i s  measured  t o  t h e  u p p e r  
s u r f 2 c c  o r  t o  t h e  e x t e n d e d  u p p e r  s u r f a c c  of  t h c  f u s e l a g e  
and  t h e  a r c a  i s  t h e  sun  of t h o  f i n  a r e a ,  measured  t o  t h c  
u p p e r  s u r f a c c  of t h e  f u s e l a g e ,  and t h o  t o t a l  movable a r c a .  
T:iese d e f i n i t i o n s  mcy a p p e a r  r a t h e r  a r b i t r a r y  and  a r e  
p e r h a p s  no b e t t e r  t h z n  o t h e r s  t h a t  could.  be  c h o s e n ;  y e t  
t h c  r e s u l t s  o b t a i n e d  w i t h  them were g e n e r a l l y  c o n s i s t e n t .  
Aerodynamic C h a r n c t e r i s t i c s  of t h e  1s.ola. tod Vcrtic2.1 T z i l  
~ o r m n l - f o r c e  c h a r a c t e r i s t i c s . -  The s l o p s  of t h e  n o r -  
mn l - fo rce  c u r v e ,  dCm,- /data  i s  p r i n n r i l y  a f u n c t i o n  of a s -  
k' 
p e c t  r c t i o .  I t  must bc  n a t c d ,  h o v e v a r ,  t h a t  t h e  h o r i z o n -  
t a l  t a i l  a c t s  as a n  and p l a t e  f o r  t h e  v e r t i c n l  t a i l ,  which 
c n u s c s  t h c  e f f e c t i v e  a s p e c t  r z t i o  of t h c  v e r t i c a l  t c i l  t o  
a x c c e d  i t s  g e o m e t r i c  v n l u s .  A t h c o r e t i c ~ , l  s n a , l y s i s  made 
by membcrs of t h s  f u l l - s c a l e - t u n n e l  s t z f f  h a s  shown t h a t  
f o r  t h c  usu2.1 r a t i o s  of v e r t i c a l - t n i l  spnn  t o  h ~ r i z o n t ~ ~ l -  
t a i l  s p a ,  t h o  increase i n  n s p e c t  r a t i o  w i i i  bc  ?"bout 55 
p e r c e n t .  T c s t s  of model 7 w i t h  two different, h o r i z o n t a l  
t a i l s  f n d i c a t e d  t h a t  t h e  s p ~ n  r a t i o  i s  n o t  n c r i t i c c l  f a c -  
t o r .  I n  t h c  ,zbscncc of t h o  h o r i z o n t a l  t a i l ,  t h e  f ~ s c l 2 ~ g e  
i t s e l f  p r o b a b l y  e x e r t s  a c o n s i d c r n b l o  e n d - p l a t e  e f f e c t ,  
Such nil e f f e c t  i s  n o t  r e n d i l y  c a l c u - l a b l e  a l t h o u g h  some of 
t h e  t e s t s  i n d i c 2 " t e d  i t  t o  be q u i t e  l a r g e .  
Thc v a r i n t i o n  of d C g t / d a t  w i t h  a s p e c t  r a t i o  i s  
shot.ri2 i n  t h e  c u r v e  of f i g i r r c  3 ,  v h i c h  summarizes  t h e  r e -  
s u l t s  of i - e f c r c n c e  3 f o r  <q*spect r a t i o s  s n z l l e r  t h a n  3 and 
t h o s e  of r c f c r c n c c  I f o r  a s p c c t  r a t i o s  l ? * r g a r  t h n n  3, Thc 
c u r v e  r c p r c s e ~ ~ t s  o n l y  an  a v c r a g c  o f  c x p c r i m c n t ~ l  r e s u l t s  
a n d ,  u n d e r  c e r t a i n  c o n d i t i c n s ,  nay  b c  s o n c w h ~ t  i n a c c u r a t e .  
F o r  cxample,  t h e  v a l u e  of d C ~ ~ / d a ~  nny be i n c r c a s c d  5 
t o  L O  p e r c e n t  by a s a c l e d  gap  b c t v e c n  t h c  f i n  and t h c  
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r u d d e r  ( r e f e r e n c e  4)  o r  may be i o v e r e t !  an  e q u a l  amount 
o r  more b : ~  a bad  gap  o r  bg a n  i r r e g u l a r  p l a n  form. 
The - ~ a l u e  of t h e  r e l a t i v e  r u d d e r  e f f e c t i v e n e s s  T 
a s  a f u n c t i o n  o f  t h e  r e l a t i v e  rud-der and b a l a n c e  a r e a s  
i s  p l o t t e d  i n  f i g u r e  4 ,  whicli r epzoduces  t h e  c u r v e s  of 
f i g u r e  1 9  of r e f e r c i i c e  2. Be rc  c.gain c e r t a i n  d e v i a t i o n s  
f r o n  t?ie c u r v c s  may be e x p c c t ~ d  u n d e r  va r iou - s  c o n d i t i o n s ,  
f o r  t h e  r u d d c r  c f f c c t i v e n c s s  w i l l  a l s o  d e p e n d  on t h e  
s p a n v i s o  d i s t r i b u t i o n  of  t l i c  r u d d c r  a r c a  and  on t h o  na-  
t u r e  of t h c  gap  bctwcon t h d  f i n  and t h c  r u d d c r  ( r c f c r c n c o  
4 ) .  Scal i rc ;  t h e  gap may i n c r c a s c  T by a s  much a s  1 5  
p e r c e n t .  
1iiii~:o-momcnt c f inrac t  o r i s  t i c s .  - Thc h i i i g c - n o ~ c l z t  c o c f -  
f i c i c i l t  of rudder mag be  e x p r o s s c d  ( r c f c r c n c o  5)  a s  a 
f u n c t i o n  of t h c  n o r m a l - f o r c e  c o o f f i c i c n t  of t h e  t a i l  and  
a n g l c  o f  r u d d c r  d c f l c c t i o n  
Thc p ~ ~ r a m c t o r s  u and v nay  bc c o n v c n i c i i t l y  d e f i n e d  
f rom t h c  c q u a t i o n  i n  t h e  f o l l o w i n g  forms:  
Binga-nom2nt d a t n  on i s o l a t e d  t a i l  s u r f a c e s  w i t h o u t  
Va lance  aiid r s i t h  o f f  s e t - h i n g e  b a l a n c e  were a v a i l a b l e  i n  
r e f e r e n c e s  2 ,  4 ,  and  6.  From t h e s e  d a t a  v a l u e s  of  u 
and  v, a t  smal.1 a n g l e s  of  a t t a c k  a n d  r u d d e r  d e f l e c t i o a s ,  
were  de to rminad .  Thc r e s u l t s  a r e  surnmerizcd i n  f i g u T c s  
5 aiid 6 vrlicrein u and v ' a r c  g i v o n  a s  f u n c t i o n s  o f  
s r / s t  and S%/S,. 
The h i n g c  moments, f o r  a  g i v c n  i n c r e z s e  i n  normal  
f o r c e ,  may bc a p p r e c i a b l y  Less  t h a n  i c d i z a t c d  by t l i c sc  
c u r v c s  i f  .the gap betwccn t h e  T i n  and  tlzc ?udde r  i s  
s c a l e d ,  b u t  mag bc somcwhat g r c a t c r  i f  t h c  r u d d c r  nose  i s  
v e r y  'oLu-at, 
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Dynamic p r e s s u r e  a t  t k 2  t a i l . -  The l o w e r  p a r t  of t h e  
s ingXe v e r t i c a l  t a i l  i s  g e n e r a l l y  i n  a  r e g i o n  of  d i m i n i s h e d  
dynamic p r o s n u r e  cnuscd  by t h e  f u s e l a g e  boundz.ry l a y e r  and 
p e r h a p s  a l s o  by t h c  wake from t h e  w i n g - f u s e l a g e  j u n c t u r e s .  
Pronounced  downwash, s u c h  a s  w i l l  e x i s t  when p a r l i z l - s p a n  
f l a p s  a r e  d s f l e c t e d  may, hol:~ever,  lowor  t h i s  wake and 
change  t h e  a v e r a g e  dyncmic p r e s s u r e  o v e r  t h e  t a i l .  
Some s u r v e y s  of t h e  a i r  f l o w  s l i g h t l y  ahead  of t h e  
v e r t i c a l  t a i l  of a i r p l a n e  4 a r e  shown i n  f i g u r e  7. The 
boundary  l a y e r  i s  s e e n  t o  have a c o n s i d e r a b l e  t h i c k n e s s  
and  d o u b t l e s s  i s  even  t h i c k e r  f a r t h e r  back  where i t  p a s s e s  
a r o u n d  t h e  b a s e  of t h e  v e r t i c a l  t a i l .  The a v e r a g e  dynamic 
p r e s s u r e ,  a s  d e t e r m i n e d  from s u c h  s u r v e y s ,  i s  g e n e r a l l y  
s l i g h t l y  h i g h e r  t h a n  t h e  e f f e c t i v e  dynamic p r e s s u r e  a c t i n g  
on t h e  t a i l  b e c a u s e  of t h e  i n f l u e n c e  of t h e  a d j a c e n t  un- 
d i s t u r b e d  a i r  s t r e a m ,  (See  r c f e r e a c e  2 . )  On t l ie b a s i s  
of  t h c s e  s u r v e y s  and  t h e  r c s u l t s  of r e f e r e n c e  2 ,  t h e  e f -  
f e c t i v e  dynamic p r e s r u r c  a t  a  s i n g l e  v e r t i c a l  t a i l  i s  
e s t i m a t e d  t o  be, on t h c  .- ,vcrage,  f o r  p r o p o l l c r - r e m o v e d  
c o n d i t i o n s ,  ?-bout 0 .90  qo.  T h i s  f a c t o r  a a y  be low f o r  a  
f lap-down c o a d i t i o n  o r  f o r  some t y p e s  of f l y i n g  b o a t s  h2v- 
i n g  h u l l s  t h a t  c u r v c  upward toward  t h e  rcm- .  A t  a n g l e s  
of  a t t a c k  a p p r o c c h i n g  t h e  s t a l l ,  t h a  f ~ ~ c t o r  may 2-ccrease  
owing t o  t h e  e f f e c t  of t h e  t h i c k e n e d  f u s e l a g e  311d t h e  wing  
wake ( r e f e r e n c e  7 ) .  
Twin t a i l s  a r e  somewhat more f a v o r a b l y  l o c a t e d  t h a n  
s i n g l e  t a i l s  a s  t h e  wing and t h e  n a c e l l e  i iakes  a p p e a r  t o  
be  l e s s  d e t r i m e n t a l  t o  t h e  dynamic p r e s s u r e  a t  t h e  t a i l  
t h a n  t h e  f u s e l a g e  boundary  l a y e r .  A v a l u e  of  q / q o  = l . 0 0  
was u s e d  i n  c a l c u l a t i n g  t h e  r u d d e r  e f f e c t i v e n e s s  f o r  t h e  
models  w i t h  t w i n  t a i l s  ( n o d e l s  3, 8 ,  9 ,  1 2 ,  a n d  13)  and  
gave  good agreement w i t h  t h e  e x p e r i m e n t a l  v a l u c s .  T h i s  
f a c t o r  s h o u l d  p r o b 2 b l y  be  r e d u c e d  i f  t h c  t a i l s  a r c  l o c a t e d  
d i r e c t l y  i n  t h c  wake of l a r g e  n a c e l l e s .  
A t  h i g h  t h r u s t  c o e f f i c i e n t s ,  a s  i n  t a k e - o f f  o r  c l i m b ,  
t h e  s l i p s t r e a m  w i l l  a p p r e c i a b l y  i n c r e a s e  t h c  a v e r a g e  dy- 
namic p r e s s u r e  st t h e  v c r t , i c a l  t a i l .  ( ~ f ,  f i g .  7 . )  I n  
t h i s  r c g c r d ,  t h e  r e s u l t s  of r c f o r e n c e  2 i n d i c c t e  t h a t  t h e  
c o r r e s p o n d i n g  i n c r e a s e  i n  r u d d e r  e f f  e c t i v e n c s s  d - C n ' / d ~ r  
may be o n l y  h c l f  a s  much a s  would correspond t o  t h e  i n -  
c r e z s c  i n  a v e r a g e  dynamic p r e s s u r c ,  
D i r e c t i o n  of a i r  f l o w  a t  t h e  tai l , -  The a i r  v e l o c i t y  
i n  t h e  r e g i o n  of t h e  v e r t i c a l  t a i l  of a yawed a i r p l a n e  w i l l ,  
i n  g s n c r n l ,  p o s s e s s  a s i d e w a r d  component. A c c o r d i n g l y ,  t h e  
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e f f e c t i v e  a n g l c  o f  a t t a c k  o f  t h e  v o r t i c a l  t a i l  w i l l  n o t  
b e  e q u a l  t o  t h e  c n g l c  o f  yaw, , b u t  w i l l  bi? - G), 
where  a i s  t h e  s idewash  a n g l e .  The s i d c v ~ n s h  a n g l e ,  
which  mzy be q u i t e  l a r g e ,  i s  a s s o c i z t c d  v i t h  t h e  t r a i l i n g  
v o r t e x  sys tam b e h i n d  yawed wings  and w i n g - f u s e l a g e  combi- 
n a t i o n s .  Rn a n a l y s i s  of some r e c e n t  t e s t s  a t  t h e  ifBCA 
7-  by 10 - foo t  wind t u n n e l  ( r e f e r e n c e s 8  and 9 )  i n d i c a t e s  
t h a t  t h c  s i d c w a s h  a n g l e  probab1.y c o n s i s t s  of s e v e r a l  com- 
p o n o n t s ,  t h c  t e n t a t i v e  5 h c o r g  f o r  which i s  g i v e n  i n  t h e  
fo l1o i ; in ;  p a r a g r a p h s .  'Ihc o r d e r  of  presentation c o r r e -  
sponds  t o  t h e  o r d e r  of  i m p o r t a n c e  ( a s  i n d i c a t e d  by c a l c u -  
l a t i o n s ) .  
A yawed f u s c l c g c  ( o r  a i r s h i p )  c x p z r i c n c c s  a c r o s s -  
wind f o r c e ,  a n s o c i z t e d  w i t h  which t h e r e  i s  a v o r t e x  s y s -  
tem s i m i l a r  t o  t h a t  of an  a i r f o i l  ( r e f a r c n c e  LO). A f u s e -  
l a g e  w i t h  a low wing i s  c o m p a r a b l e ,  i n  t h i s  r e s p e c t ,  w i t h  
a n  a i r f o i l  w i t h  an  end  p l a t e ,  a n d  t h c  t r a i l i n g  v o r t c x  s y s -  
tem f o r  p o s i t i v e  a n g l s  of yaw ( n o s e  r i g h t )  wi1.1 b e  s u c h  
t h a t :  
1. Thc f u s e l ~ ~ g c  vakc  and  t h e  a i r  b a s l d c  i t  f l o w  t o  
t h e  l e f t  ( d e s t a b i l i z i n g  s i d e w a s h ,  comparable  
w i t h  t h e  u s u a l  d e s t a b i l i z i n g  downwash). 
2.  The a i r  above t h e  f u s e l n g e  wake f l o w s  t o  t h e  r i g h t  
( s t a b i l i z i n g  s i d e ~ ~ s h ) .  
3. The a i r  bclow t h e  intersection of t'he wing and 
f u s e l a g e  wakes h a s  p r c c t i c o l l y  no s idewash .  
The v e r t i c a l  t a i l  s u r f a c e  wi l l .  t h u s ,  f o r  a low-wing a i r -  
p l c n c ,  bc  msin1.y i n  t h c  r e g i o n  of  s t a b i l i z i n g  s idewash .  
F o r  a high-wing a i r p l a n a ,  however ,  t h e  v e r t i c a l  t a i l  w i l l  
5 e  p a r t l y  i n  t h e  r e g i o n  of d e s t a b i l i z i n g  s i d e v c s h  nncl 
p a r t l y  i n  t h c  r e g i o n  of no s idcwash .  
Ti12 v o r t i c e s  shed  b e h i n d  z* l i f t i n g  wing r o t a t e  i n  
s u c h  a  d i r e c t i o n  t h a t  t h e  a i r  moves i n b o a r d  above t h e  wckc 
( o r  t h e  t r a i l i n g  r o r t c x  s h c c f )  and ou tboa rd  bclow i t .  I f  
t h e  t r a i l i n g  v o r t e x  s h o e t  i s  assumed t o  be  u n n l t e r e d  by  
yawing  t h e  a i r p l a n e ,  t h e  v s r t i c * a l  t a i l  of a yawed n i r p l n n c  
w i l l  be i n  pun i n v a r d  moving s t r e n m  i f  i t  i s  abovo t h c  wzke 
and  i n  cn ou tward  n o v i q g  s t r e a m  i f  i t  i s  below t h e  wake, 
The e f f e c t  s h o u l d  i n c r e a s e  w i t h  l i f t  c o e f f  i c i c n t  and. de- 
c r e a s e  w i t h  n s p c c t  r a t i o ,  and  i t  s h o u l d  be c s p c c i a l l y  p ro -  
nouncod f o r  w ings  v i t h  p a r t i a l - s p a n  f l a p s  d e f l e c t e d ,  
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For  a wing  3;rith d i h e d r a l  s change  j.n ].if t a t  t h e  
c e n t e r  o c c u ~ s  whon t h z  wing i s  yawed. The v o r t e x  s h e d  
f rom t h i s  p o i n t  r o t a t e s  i n  sxch  a d i r e c t i o n  a s  t o  i n -  
d u c e  o u t f l o r i  above  t h o  w i n g  wake and i n f l o w  below t h e  
wing  wake. C a l c i ~ l z ~ t i o n s  i n d i c a t e  t h a t  t h i s  e f f e c t  w i l l  
be  r c l a . t ; i v e l g  s m a l l .  
From t h c  f o r e g o i n g  d i s c u - s s i o n  i t  w i l l  be c l e a r  t h a t ,  
a s  r c g n r d s  t h e  ' d i r e c t i o n  of t h e  a i r  f l o w  a t  t h e  t a i l ,  a 
low-wing d e s i g n  i s  much m o r s  f a v o r a b l e  t h a n  o high-wing 
d e s i g n .  
Moment e q u a t i o n g . -  In c o n f o r m i t y  w i t h  t h e  p r e c e d i n g  
d i s c x s s i o n  a n d  a n a l y s i s  of  t h e  f o r c e s  on -the v e r t i c a l  t a i l  
s u r f a c e ,  t h c  e q u a t i o n s  f o r  t h e  c o n t r i b u t i o n  o f  t h e  t a i l  t o  
directional s t a b i l i t y  and r u d d o r  e f f c c t i v e n c s s  a r e  w r i t t e n  
a s  follolzrs: 
As s a t i s f a c t o r y  f i r s t  a p p r o x i m a t i o n s ,  t h e  f o r c e s  have 
b e e n  assumed %o a c t  a t  t h e  r u d d e r  h i n g e  l i n e  an2  t h e  yaw- 
i n g  rr~omeat a b o u t  t h e  aer0d.ynarnj.c c e l i t e r  of t h e  v e r t i c a l  
t a i l  113.s been  n e g l e c t e d .  
RUDDER EFFXCTIVENESS 
Curves of yawing-moment c o e f f i c i e n t  a g a i n s t  r u d d e r  
a n g l e  f o r  h i g h - s p e e d  a n g l e s  o f  a t t a c k  a r e  p l o t t e d  i n  f i g -  
u r c  8 ,  xrliich i s  d i v i d e d  i n t o  f o u r  p2 , r t s  f o r  c l a r i t y .  I t  
map be  ~ o t c d  t h a t ,  ~ l t l i o u g h  most  o f  t h c  : a i l  s u r f a c e s  clo 
n o t  s t z 3 1  i n  t h e  ynl lgs  o f  r u d d c r  z n g l e s  below 20° ,  t h e  
s t r n i g b t  p a r t s  of th:: c u r v e s  seldom e x t e n d  much boyond 
r u d d e r  a n g l e s  of 15O. The s l o p e  t h r o u g h  t h e  o r i g i n ,  dzs -  
i g n a t c d  t h e  r u d d a r  e f  f c c t i v c n c s s .  C-Cnt/d6,, h a s  been  
t a b u l a t e d  i n  t h e  l a s t  column of t n b l c  11. 
Conpa r i s  on o f  e ~ p c r i m r n " , ~ l  aqith cz lc .u . la tcd  v a l u e s  of 
a ~ , ' / d 6 ~ . -  I n  o r d e r  t o  e s t i m a t e  t h c  a c c u r a c y  of t h e  t h c o r y  
.- 
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and thc ncthods previously outlined, values of dC,1/d6r 
wcrc cnlculatcd for each ccsc by cquat ion (5) and compcred 
with thc expeiaiment21 values. The aerodynamic factors 
used in the c2ulculations arc 1-istcd in table I1 and are 
here briefly reviewed. 
The effective aspect ratio was found for the single 
tails of all types except 1V (see fig. 2), by multiplying 
the actual aspoct ratio by 1.55. For conventional twin 
tails, the effective aspcct ratio was taken to be the sane 
as the actual aspoct ratio. The values of dcgt/dat were 
found from figure 3 by use of tho effective aspect ratios. 
Thz values of T were found from figurc 4. Values of tho 
effective d.ynamic pressure ratio at the tail q/qo were 
assumed to be 0.90 for t h c  single tcils 1.00 for the 
twin trails, 
The last two columns of table XI pcrnit a direct con- 
parison 'octwecn t h e  calculated and th.e cxperincntal rudder 
cffcctivencss. Ths s a n z  coinj3zr isoa is made graphically in 
figare 9, i11 which the cpxerimcntal valucs arc plotted 
&gainst' the calculated ones, the solid line representing 
exact agreement. Thc agrecrilent botwccn tho csperililcntal 
an?- t h ~  colculntcd results is, on the average, as satis- 
factory for thc modols n s  for the nirplanc; scale effect 
is zpparently negligible. 
Discussion and supplemcntzry data.- The effectiveness 
of tlic horizontal tci1 as an end. plate is obviously lost 
or dininishcd when it is located above the fuselago-verti* 
czl t~~5.3 juncture (type IV of fig. 2). Calculations were 
omitted from table I 1  for ths four ~odcls of this type; 
instead, the procedure ~ras reversad, and the increase in 
cffectivc zspcct ratio w a s  caLcul~ted from the experimental 
rudcier cffectivcncss, The rcsults are shown in the follow- 
ing table: 
Model 
Derived factor for cor- 
rcc ti!:lg cspec t ratio 
- d l  Wing position 1 0  1 2 3  1 26 
The incrcnsc is small yjhon. the horizontzl tail is near the 
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m i d d l e  of t h e  v e r t i c a l  t a i l  (models  6 and 1 0 )  and  l a r g e  
when t h e  h o r i z o n t a l  t & i  i s  n e a r  t h e  bo t tom (models  2 3  
and. 2 6 )  . 
A i r p l a n e s  4  and  6 were  t e s t e d  b o t h  w i t h  and  w i t h o u t  
t h e  h o r i z o n t a l  t o i l  ( t a b l e  111). F o r  n o d e l  4 ,  r smova l  of 
t h e  h o r i z o n t a l  t a i l  r e d u c e d  t h e  r u d d e r  e f f e c t i v o n e s s .  The 
r e d u c t i o n  v n s  r e 1 2 t i v e l y  s m a l l ,  however ,  a s  i f  t h e  f u s e -  
l a g e  e i t h e r  t o  a l a r g e  e x t e n t  r e p l a c e d  t h e  h o r i z o n t a l  % a i l  
a s  on c c d  p l a t e  o r  c l s c  s e r v e d  t o  add  some a r e a  t o  t h e  
v e r t i c c l  t a i l .  Fo r  a i r p l a n e  6 ,  removal  o f  t h e  h o r i z o z t a l  
t a i l  i n c r e a s e d  t h e  rudd-er  e f f  e c t i v e n e s s ,  The h o r i z o n t a l  
t a i l  i n  t h i s  c a s e  d i d  n o t  s e r v e  a s  a n  end p l a t e  a n d  con- 
t r i b u t e d  o n l y  u n f z v o r a b l e  i n t e r f e r e n c e .  
Sone s u r v e y s  o f  t h e  a i r  f l o w  i n  t h e  r e g i o n  of t h e  
v e r t i c a l  t a i l  were a v a i l a b l e  ( r a f e r e n c c  2 )  f o r  a i r p l a n e  6 
( f i g .  1 0 ) .  Fo r  t h e  p:xrasol-wing c o n d i t i o n  (wing  p o s i t i o n  
4 ,  f i g .  1 0 1 b ) ) ,  t h e  boundary  l a y e r  a c r o s s  t h e  r o o t  of t h e  
t a i . 1  was much t h i c k e r  t h a n  f o r  t h e  g u l l - w i n g  c o n d i t i o n  
( w i n g  p o s i t i o n  1, f i g .  1 0 ( a j ) .  C o r r e s p o n d i n g l y ,  t h e  rud -  
d e r  e f f e c t i v e n e s s  w a s  11 p e r c e n t  l o w e r  f o r  wing p o s i t i o n  
4 t h a n  f o r  w ing  p o s i t i o n  1 ( t a b l e  I T ) .  The d i f f e r e n c e  i s  
p o s s i 5 l y  a s s o c i a t e d  v l t h  t h c  r o t a t i o n  of t h e  v o r t i c e s  shed  
f rom t h e  wing  r o o t s  b e c a u s e ,  when a d i v e r g i n g  mot ion  i s  
i n d u c e d  i n  t h z  boundary  l a y e r  ( f i g .  l o ( % ) ) ,  i t  may be  ex- 
p e c t e d  t o  t h i c k e n  much more r a p i d l y  t h a n  wncn a conve rg -  
i n g  mot ion  i s  i nduced  ( f i g .  1 0 ( a ) ) .  
The e f f e c t  of p r o p e l L e r  o p e r a t i o n  011 r u d d e r  e f f e c -  
t i v e n e s s  i s  shown i n  t a b l c  I V  f o r  a i r p l a n e  6 w i t h  t h ~  
f o u r  wing p o s i t i o n s .  Fo r  t h e  h i g h  t h r u s t  c o e f f i c i e n t s  
shown, t h e  r u d d e r  e f f e c t i v e n e s s  was a p p r o x i m a t e l y  doub led  
a t  low a n g l e s  of a t t a c k  a n d  i n c r e a s e d  s t i l l  f u r t h e r  w i t h  
i n c r e a s i n g  a n g l c s  of a t t a c k .  
The c f f e c t  of a n g l e  of a t t a c k  on r u d d e r  e f f e c t i v e n a s s  
i s  shown i n  f i g u r e  11 f o r  n e n r l y  a l l  t h e  n o d e l s  and  a i r -  
p l a n e s .  I n  a few c ~ . s e s ,  khc c f f e c t i v c n e s s  c o n t i n u o u s l y  
decreased w i t h  increa,s i i i , -  ,a,nglc of a t t a c k ;  f o r  n o s t  c a s e s ,  
however ,  i t  r c c n i n e G  n e a r l y  c o n s t a n t  up  t o  t h e  a n g l e  of 
s t c l l .  
The v a r i a t i o n  of r u d d e r  of f e c t i v e n e s s  w i t h  yaw i s  
shown i n  f i g u r e  12.  F o r  s i n g l e  t a i l s ,  t h o  r u d d e r  e f f e c -  
t i v c n e s s  i n c r e a s e s  w i t h  Z-aw, probzBly  b e c c ~ u s e  t h e  f u s c -  
l n g e  boundary l s g c r  a t  t h e  b a s e  of t h e  t a i l  d e c r e a s e s  i n  
t h i c k n e s s .  iJo c o r r e s p o n d i n g  v a r i a t i o n  i s  o b s e r v e d  f o r  
t v ~ i n  t a i l s .  
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The v a l u e s  of r u d d e r  e f f e c t i v s n e s s  f o r  f l c p s  up and  
f l a p s  d0tJn a r o  compared i n  t s b l e  V .  F l a p  d e f l e c t i o n  i s  
s e e n  t o  l ~ a v c  : ~ ~ g l i g i b l c  c f f c c t  e x c e p t  where f l a p  d c f l e c -  
t i o n  induced  s t a l l i n g ,  
The g i v e n  d e f i n i t i o n s  of s p a n ,  f i n  a r c z ,  and r u d d e r  
a r e a  sccn  c s p c c i z l l y  a r b i t r a r y  when ~ ~ p p l i e d  t o v e r t i c z l  
t a i l s  of tyl2c 111, and t h e i r  u s c  i n  t h c  c a l c u l . c t i o n  of  
dc, -- ' / d &  f o r  t a i l s  of t h i s  t y p o  would c o r r e s p o n d i n g l y  c2- 
pe:?.r t o  have  l i t t l e  t h c ~ r e t i c : ~ l  b c s i s ,  Tho 2 r o c c d u r c  may, 
h o v ~ e v e r ,  bc c o n s i d e r c d  a s  j u s t i f i e d  by t h e  a g r e c n c z t  bc-  
t v e c n  t h c  c ~ . l c u - l a t e d  and t h c  c x p c r i m e n t n l  r o s u l t s .  Dc f in -  
i i ig  t h c  r u d d e r  n r e n  s o  t h a t  i t  i n c l u d e s  o n l y  t h c  p o r t  above 
t h c  h o r i z o i t n l  t a i l  l c d  t o  d e f  i n i t c l y  l e s s  s 3 t i s f n c t o r $  
c g r e c n e a t ,  c s  i s  shctrn by t h o  conp::rison i n  t a b l e  V I ,  
The r e s u l t s  i n  t a b l e  V I I  show t h z t  p r o p c l l c r  opc ra -  
t i o n  2 f f e c t s  t h e  r u d d c r  c f f e c t i v o n c s s  o n l y  whan t h o  v e r -  
t i c c l .  t a i l .  i s  s i t u n t c d  i n  t h c  s l i p s t r e n n .  The s l i p s t r c n n  
i n c r e 2 s c s  t h c  r u d d e r  c f f c c t i v c n c s s  b e c a u s c  of t h c  incrc?.sed 
v o l o c i t 7  of t h c  c i r  f l o w  o v e r  t h e  v c r t i c z l  t a i l  and c J s o  
b e c a u s c  of t h c  r c d u c c d  t h i c k ~ e s s  of t h e  f u s c l r , g c  boundnyy 
l n y c r .  (Cf .  f i g .  7 . )  
EFFECTIVEBESS 
Jz tc ,  f rom which  t h c  c o n t r i b u t i o n  of t h c  v c r t i c = l  t n i l  
t o  s t a b i l i t y  c o u l d  be  d i r c c t l y  e v a l u a t e d  were  z v n i l a b l c  
f ~ r  011: e i g h t  n 3 d e l s .  The v ~ ~ l u 2 s  of dC,l/d@l f o r  t h o s e  
n o d e l s  w i t h  t h o  v e r t i c a l  t n i l  b o t h  a t t a c h e d  aild rcnovod 
a r e  l i s t e d  i n  t a b l e  V I I I .  The m ~ d c l  f rom r e f e r e n c a  9 
( f i g - .  1 3 ) ,  which ha.$ no h o r i z o n t a l  t n i l ,  hzd  bccn  t c s t c d  
w i t h  t i i r ec  w ing  p o s i t i o n s ,  two d i h e d r a l  a n g l c s ,  a :~d  w i t h  
GO-pcrcciit-span s p l i t  f l c p s  b o t h  u p  and down. 
Cv-rves of yawing-mol;:cnt c o o f f i c i e l t  zg?-ii ist  a n g l e  of  
yzw foj: 23 airplanes a n d  mod,ols a r c  s l~owu i n  f i g u r e  14.  
Most o f  t h e  c u r v e s  n r c  s t r a i g h t  up  t o  r e l z t i ~ c l y  l a r g e  an-  
g l e s  of y c ~ ~ .  Fhc v z l u c  of t h e  s l o p e  dC,l/d$' a t  $' = 
05 i s  t z k c n  ns  t!lc c r i t o r i o a  f o r  directional s t z b i l i t y .  
The v 2 r i a t i o a  of s t a b i l i t y  vri th a n g l e  of  a t t z c k  i s  
skovfn i n  f i g u - r c  1 5 ,  and t h c  c f f c c L  of f l z p  d o f l c c t i o n  on 
t h e  d i r e c t i o n a l  s t a b i l i t y  of c o n p l c t c  a i r p l a n e s  i s  shown 
i n  t a b l e  I X ,  
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Fron  t l i c  g e o n c t r i c  c ! ~ a r a c t c r i s t i c s  of  t h e  v e r t i c a l  
t a i l  s u r f o c c s  of t a b l e  I, t h e i r  c o r r e s p o n d i n g  v a l u e s  of 
dCgt /da t  were  conputeC.  We c o r r e s p o n d i n g  c o n t r i b u t i o n ,  
g i v e n  by e q u a t i o n  ( 4 ) ,  of t h e  v c r t i c a l  t a i l  t o  d C n l / d @ ' ,  
q/ b e i n g  ossumod e q u a l  t o  0.90 f o r  s i n g l e  t a i l s  and  
1 . 0 0  f o r  t w i n  t a i l s  en6  s idowash  b e i n g  ns suned  a b s e n t ,  i s  
shown i n  t 2 b l z  VIII i n  t h e  n e x t  t o  t h e  l a s t  column. An 
i n c r e a s e  i n  a s p e c t  r a t i o  of 55 p e r c e n t  was assumed i n  
t h e s e  c a l s u l a t i o n s  f o r  211 s i i i ~ l e  v e r t i c a l  t a i l  s u r f a c e s  
e x c e p t  t h ~ t  of r c f c r e n c c  9 which  was t e s t e c l  w i t h o u t  a 
h o r i z o n t c l  t a i l  and f o r  w h i c h  cn i n c r e a s e  i n  a s p e c t  r a t i o  
of o n l y  45 p e r c c n t  was a s s u n e d .  
The r ~ . t c  o f  chzngc  of s i i l ewas3  a n g l e  w i t h  a n g l e  of 
yzw, shown i n  t h e  l a s t  c o l u ~ n  of t a b l e  VII I ,  was c a l c u -  
l n t c d  f r o n  t h e  d i f f e r e n c e  be tween  t h e  e x p e r i m e n t a l  and  
t h e  c a l c u l a t e d  s n l u e s  of v e r t i c a l - t a i l  e f f e c t i v c n e s s .  I n  
t h e  r e s u l t s  of t h e  t e s t s  r e p o r t e d  i n  r e f e r e n c e  9 ,  which  
jrnolved a s y s t e m a t i c  v a r i a t i o n  of  w ing  h e i g h t ,  f l a p  d e f l e c -  
t i o n ,  and d i h e d r a l  a n g l e ,  a  goo& c o r r e s p o n d e n c e  w i t h  t h e  
p r e v i o u s  d i s c u s s i o n  e x i s t s  i n  t h e  f o l l o w i n g  p a r t i c u l a r s :  
( a )  R a i s i n g  t h e  w i n g  i n c r e a s e s  t h e  a v e r a g e  dCT/d$l, 
d e c r e a s i n g  s t a b i l i t y .  
(b! D e f l e c t i ~ i g  t h e  f l a p ,  which  s t r e n g t h e n s  t h e  t r a i l -  
i n g  v o r t e x  s h e e t ,  n o t  o n l g  d e c r e a s e s  ( a l g e -  
b r a i c a l l y )  ba/d$t b u t  a l s o  i n c r e a s e s  i t s  
v a r i a t i o n  v i t h  v i n g  h e i g h t .  
( c )  Dihed-ral  i n c r o a s c s  dcr/d$*. 
F u r t h c r  e v i d e n c e  c o n c e r n i n g  t h e  f l a p  e f f e c t  i s  f o u n d  
i n  t a b l e  I X ,  i n  which i t  i s  sho-.fn t h a t  f l a p  d e f l e c t i o n  
g c n c r a l l x  c a u s e s  a s i g n i f i c a n t  i n c r e a s e  i n  s t a b i l i t y .  P a r t  
o f  t h e  f l a p  e f f e c t ,  however ,  p r o 3 a b l y  e x i s t s  a t  t he3wing  
i t s e l f ;  in t h c  t e s t s  r e p o r t e d  i n  r e f e r e n c e  8 ,  i n  which  t h e  
yaw c l ~ a r a c t e r i s t i c s  of wings  a l o n e  were  measu red ,  i t  w a s  
f o u n d  t h a t  d c f  l e c t i n g  t h z  f  l z p s  i n c r e a s e d  t h e  d i r e c t i o a a l  
s t a b i l i t y  of t h e  wings t h c n s c l v e s  by v a l u e s  bc twecn  
-0.0001 znd -0.0003. 
-- 
" ' i curc  1 5  shows t h a t ,  i n  g e i l e r a l ,  o n l y  s l i g h t  v a r i c -  
t i o n  i n  s t a b i l i t y  o c c u r s  iilith 7-ngle o f  a t t a c k .  The s m n l l  
o b s c r v e d  v a r i a t i o n s  a r e ,  i n  most cf  t h c  zxnmplcs ,  i n  sl.lch 
c d i r e c t i o n  a s  t o  s u p p o r t  t h e  s i d e u a s h  t h e o r g ~ p r e v i o u s l y  
g i v e n .  The l n r g c  v a r i a t i o n s  a r e  p r o b a b l y  due t o  v a r i o u s  
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i n t e r f c r c n c c s  p e c u l i a r  t c  c z c h  d o s i g n .  Thus ,  t h e  s t a b i l -  
i tr  of t h e  low-wing a i r p l c n e s  i n c r e a s e s  w i t h  @,ngle  of a t -  
t a c k  and th,? s t a b i l i t y  o f  h i g h - w i i g  a i r p l a n e s  o r  f l y i n g  
b o a t s  d c c ~ c u s c s .  
STABILITY OF WIIVG-FUSELAGE COMBIXATION 
S t a b i l i t y  o f  f u s e l a g e s  and h u l l s . -  D a t a  on t h e  d i r e c -  
t i o n a l  s t s b i l i t y  of fuselages and h u l l s  were  o b t a i n e d  from 
r e s u l t s  of t e s t s  made i n  t h e  XACA 7- by 10- foot  wind t u n n e l ,  
a t  t h e  i t l ash lag ton  Navy Yard ,  and nt t h c  R u s s i a n  C e n t r a l  
Acro-Hgdrodynamical I n s t i t u t e  ( r c f e r o n c e  11). 
Tho s t a b i l i t y  c r i t e r i o n  i s  chosen  a s  dCnf ' /a$ ' ,  
where CXf = Nf ( n o l )  , i n  which Nf' i s  t h e  yawing 
m o n ~ n l  ::bout t h c  rcfercrrcc  a x i s ,  chosen  a t  0.3L f rom t h e  
n o s e .  E r p e r i m c n t n l  v a l u e s  o f  dCnf ' /d$ '  f o r  5 f l y i n g -  
bo2.t h u l l s  a.ad 1 2  s t r o c ; n l i n c  f u s e l a g e s  a t r e  l i s t e d  i n  t a b l e  
V t o g e t h e r  w i t h  d a t a  oil tlac g e o m e t r i c  c h c ? . r s c t c r i s t i c s  of 
t h c  f u s e l a g e s  and  h u l l s .  Thc f l z r ing  b o a t  l i .u l l s  a p p e a r  t o  
bc l e s s  u n s t n b l c  t h a n  t h e  f u s e 1 a . g ~ ~ .  
? h c o r o t i c n l  v a l u e s  of dCnf ' / a$ ' ,  a s  c a l - c u l a t c d  by 
t h e  methods of r e f c r e n c c  1 2 ,  a r c  a l s o  1 i . s t c d  i n  t a b l e  X 
f o r  t h c  s i x  f u s c i a g e s  o f  c i r c u l a r  znd e l l i p t i c a l  c r o s s  
s e c t i o n .  Thcy agi'ez c lo sc l ; ?  w i t h  c x p c r i m c n t a l  v a l u e s  f o r  
t h r c c  of t h e  f u s c l n g e  s  b u t  exceed  t h c  c x p c r i m c n t ~ l  v = l u c s  
by z b o n t  50 p e r c e n t  f o r  t h o  o t h o r  t h r c c .  I t  w i l l  be  n o t e d  
th2, t  t h c  compar i son  i s  n o t  s t r i c t l y  v a l i d ,  i n n s n u c h  a s  t h e  
e x p c r i n e n t ~ , l  v a l u e s ,  owing t o  t h e  c x i s t c n c c  of a ~ c s u l t a n t  
c ros s -wind  2 o r c s ,  depend on t b z  2 o s i t i o n  o f  t h o  r c f e r o i l c c  
a x i s ,  H a r r i n g t ~ n  ( r c ? f c r e u c c  . l o )  i n d i c a t e s  t h a t  t h i s  f o r c e  
i s  c o n f i n c d  t o  t h c  r c n r  l c c w a r d  s u r f a c c  of t h e  yawed body 
a n d  i s  duc t o  t h c  breakdown of t h e  boundary  l a x e r  i n  work- 
i n g  ag? , in s t  a n  c d v e r s e  p r c s s u r c  ~ r a d i c n t .  The r e c o v e r y  of 
p r c s s u r c  on t h e  r e a r  l c e w a r d ~ s i d c  of t h e  f u s c l ~ ~ g e  d o c s  n o t  
o c c u r  a f t e r  f l o w  break-down ( r e f e r e n c e  1 2 ) ,  which p r o d u c e s  
a  r c s u l t a i i t  s i d e  f o r c e ,  ' !?he magn i tu6e  of t h o  yorrrirzg moment 
i s  t h c r c f o r c  dcpc-ndcnt  n o t  only on tlic shape  p a r n m e t c r s  of 
t h e  f u s e l z g e  t h c t  a f f e c t  'ihc p r c s s u r e  d i s t r i b u t i o n  b ~ r t  z l s o  
oil a l l  t h a  c t l l c r  v n r i e b l c s  t h a t  may a f f e c t  t h e  boundcry-  
l a y c r  f l ow,  Tho yawing moment t h c r o f o r e  bccomcs a ' f u n c t i o n  
of Rcxnolds  number ,  r o u g h a e s s ,  i n t e r f e r e n c e ,  and o t b c r  r e -  
l a t e d  f a c t o r s .  
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Fusela~e- win^ i n t e r f e r e n c e .  - I n  g e n e r a l ,  t h e  sum of 
t h e  yawing rroments of t h e  w ing  and  tile f u s e l a g e ,  t e s t e d  
s e p a r a t e l y ,  d o e s  n o t  e q u a l  t h e  yawing  moment of  t h e  wing- 
f u s e l a g e  c o m b i n a t i o n .  Da ta  i l l u s t r a t i n g  t h i s  d i f f e r e n c e  
a r e  g i v e n  i n  t a b l c  X I .  Va lues  of t h e  i n t e r f e r e n c e  f a c t o r ,  
d e f i n e d  a s  
a r e  l i s t e d  i n  t h e  l a s t  column of t h e  t a b l e .  The c o e f f i -  
c i e n t s  a r e  b a s e d  on wing d i m e n s i o n s .  
For t h e  two f l y i n g  b o a t s ,  t h e  f u s e l a g e - w i n g  i n t e r -  
f e r e n c e  i n c r e a s e s  t h e  i n s t a b i l i t y ,  For  t h e  f u s e l a g e s ,  
p a r t i c u l a r l y  f o r  t h a t  of r e f e r e n c e  9 ,  t h o  i n t e r f e r e n c e  i s  
f a v o r a b l e ,  r e d u c i n g  t h e  i n s t a b i l i t y  of t h e  c o m b i n a t i o n ,  
The o f f e c t  i s  g r e a t e r  f o r  t h e  low-wing t h a n  f o r  t h e  h i g h -  
w ing  combinat  i o n ,  t h e  & i f  S c r e n c e  b e i n g  most pronouncod f o r  
t h e  f lap-down c o n d i t i o n .  I n  t h e  most f a v o r z b l e  c a s e  ( low 
w i n g ,  f l c p s  down, z e r o  d i h e d r a l !  t h e  interference was s u f -  
f i c i e n t  t o  make t h e  w i n g - f u s e l a g e  c o n b i n s t i o n  s t a b l e .  
Tho p r e s e n c e  of t h c  w ing  p r o b a b l y  i n c r e a s e s  t h e  i n -  
t e n s i t y  of t h e  b o u n d a r y - l a y e r  break-down st t h e  r e a r  l e e -  
ward  s i d e  of . the f u s e l a g e ,  t h e r e b y  r e d u c i n g  t h e  i n s t a b i l -  
i t y  of t h e  f u s e l a g e ,  F l a p  d e f l e c t i o n  m a g n i f i e s  t h i s  e f -  
f e c t .  For  f l a p s  u p ,  t h e  c x p e r i n e n t s  i n d i c a t e  t h a t  Ckihedral 
h a s  no g r c a t  e f f e c t ;  however ,  t h e  i n s t a b i l i t y  of t h e  f u s e -  
l a g e  i s  s l i g h t l y  i n c r e a s e d .  
ATPLICATICN TO D E S I G N  
The f o r e g o i n g  d a t a  a n d  ne- thods may b e  a p p l i e d  t o  t h e  
d e s i g n  of v e r t i c a l  t a i l  s u r f a c e s  t o  o b t a 5 n  d e s i r e d  d e g r e e s  
of s t a t i c  d i r e c t i o n a l  s t a b i l i t y  and  c o n t r o l .  A l though  t h e  
methods  a r e  b e l i e v e d  e s s e n t i a l l y  sound ,  t h c  i n a d e q u a c y  of 
t h c  d a t a  somcwhat l i m i t %  t h e i r  u s e .  
D i r e c t i o n a l  s t a b i l i t y , -  The d i r e c t i o n a l  s t a b i l i t y  of 
a p roposed  d o s i g n  may bc  convcnien: ly  c o n s i d e r e d  i n  two 
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p a r t s :  t h a t  of t h c  w i n g - f u s c l a g c  c o m b i n a t i o n ,  and t h a t  of 
t h 3  v c r t i c a l  t a i l :  
The f u s c l a g c  and t h e  wing a r c  u s u z l l y  d e s i g n e d  w i t h o u t  
r e f c r e n c c  t o  d i r o c t i o n n l  s t a b i l i t y ,  wh ich  c c c o r d i n g l y  do- 
pcnds  on t h c  d e s i g n  of t h e  v e r t i c a l  t a i l .  
C o n t r i b u t i o n  o f  win?  .knd f u s e l a e e  t o  s t a b i 1 i l . y . -  The 
c o n t r i b u t i o n  of t h c  v i n g  a n d  t h e  f u s e l a g o  may be t a k e n  a s  
t h e  v a l u e  f o r  t h e  niost n o a r l y  s i m i l a r  w i n g - f u s e l a g e  combi- 
n z t i o n  of t a b l e  XI. A soncwhat  more a c c u r a t e  p r o c c d u r c  i s  
t o  app rax i : : a t e  s c p s r a ' c o l y  t h e  t e rms  of t h e  e x p r e s s i o n :  
The v a l u e  of  may be  t a k e n  a s  t h a t  f o r  t h e  most 
near l3r  s i n i i l a r  f u s e l a g e  o f  t a b l e  X m u l t i p l i e d  by t h e  r a t i o  
of t h e  volume d i v i d e d  5y t h e  wing a r e a  t i m e s  t h e  wing s p a n ,  
The v a l u e  of may % e  t a k e n  a s  -0 .0001  f o r  a l l  un-  
f l a p p e d  w i n g s ,  r e % a r d l e s s  of  d i h e d r a l ,  t a p e r  r a t i o ,  a s p e c t  
r a t i o ,  o r  snenpback .  The i n t e r f e r e n c e  f a c t o r  Fi map be 
t a k e n  t o  be l . 3  f b s  f l y i n g - b o a t  h u l l s  o r  0 . 6  f o r  f u s e l a $ c s .  
Rudde r - f ixed  s t a b i l i t y . -  F o r  a , d e s i r e d  r u d d e r - f i x e d  
--..---.---.-----__ _ .------ 
s t a b i l i t y ,  t h e  t ,%il  m a $  be d e s i g n e d  a c c o r d i n g  t o  e q u a t i o n -  
(41 ,  3 c r e  r e v r i t t e n :  
( )  i s  t h e  d i f f e r e n c e  b c t v a e n  t h e  d e s i r e d  
t s t a b i l i t y  of t h e  a i r p l a n e  a n d  t h o  
s t a b i l i t y  of t h o  w i n g - f u s e l a g e  con- 
b i n a t i o n ,  
NACB T e c h n i c a l  ITote No. 775  17' 
S, 2 ,  b, a r e  c h a r a c t e r i s t i c s  of t h e  ~ ~ i r p l n n e  
ci/ Y o  i s  0.90 f o r  s i n g l e  t a i l s  and  1.00 f o r  
t w i n  t a i 1 . s .  
d a  
-
d  Qt 
i s  a s s u n e d  e q u a l  t o  t h e  val-ue f o r  t h e  
n o s t  n e a r l y  z i n i l a r  c a s e  i n  t a b l e  
VI I I 
fiCIVt 
F ron  t h c  v a l u e  of S t  -- t h u s  c a l c u l a t e d ,  t h e  s i z e  and 
d a t  
s h a p e  of t h e  v e r t i c a l  t a i l  cQre d e t e r ~ ~ i n e d  by  t h e  u s e  of 
f i g u r e  2 and  v a r i o u s  p r a c t i c a l  c o n s i d e r a t i o n s  of t h s  t y p e  
d i s c u s s e d  i n  r c f c r e a c c  13.  I t  L I I L S ~  bc  n o t o d ,  i n  t h e  u s e  
of f i g u r e  3 ,  t h a t  t h e  o f f c c t i v e  a s p e c t  r a t i o  of t h e  u s u a l  
s i n g l e  t a i l  i s  o b t a i n e d  by n u l t i p l y i n g  t h e  a c t u a l  a s p e c t  
r a t i o  by 1 .55 ,  
If wind- tunne l  t e s t s  of a u o d e l  have shown u n s a t i s -  
f a c t o r y  d i r c c t i o n c ~ l  c i ? a r z . c t e r i s t i c s ,  t h c  p r o c e d u r e  j u s t  
d e s c r i b e d  nag be n p d l i c d ,  w i t h  snnc n o d i f i c : ~ , t i o n s  t o  t h e  
r e d e s i g n  o f  t h e  s r e r t i c n l  t c i l .  If res.u.3.t~ werc  ob ta ined-  
f o r  t h e  n o d c l  w i t h  t h c  t a i l  b o t h  nttc1,ched nzd r c n o v e d ,  
i s  o b t a i n e d  n s  t h c  d i f f e r c n c c  be tween  t h e  s t n -  
t 
ci b i l i t l e s  f o r  t h c  two c o n d i t i o n s ,  and  - (l - ) c a n  
90 
t h e n  be o b t a i n e d  d i r e c t l y  f r o n  c q u a t i o n  ( 4 ) .  The d o s i g n  
o f  t h e  nctr t a i l ,  t o  g i v e  t h e  d e s i r e d  s t a b i l i t y ,  t h c n  p r o -  
c c c d s  2,s b c f o s c .  If t a i l - r e n o v c d  t e s t s  have  n o t  b e e ~ i  nndc ,  
ao i t  bcconcs  n c c e s s a r g  t o  e s t i n a t e  - by c o n p a r i s o n  w i t h  
d  ql' 
a s i n i l a r  a i r p l n n c  i n  t a b l e  VII I  and t h c n  t o  c o n p u t e  
f r o n  e q u a t i o n  ( 4 ) .  S u b t r a c t i n g  t h i s  v n l u e  f r o n  
. t CW) 
the e x p c r i n c i l t ~ l  v o l u c  of ' g i v e s  n v a l u e  f o r  
t h e  t 2 . i l w r c ~ ~ o v e d  c o n d i t i o n ,  an?. t h e  t a i l  i s  t h c n  r e d e -  
s i g x e d  a s  b e f o r e ,  
Rubber-f r c c  s t c ' b i 1 i t y . -  VJlth t h c  r u d d e r  f r c c  a t  Cailg 
a n g l e  of yaw, t h e  r u ? d c r  f l o a t s  a t  t h e  a n g l e  f o r  which t h e  
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h i n g e  moment i s  z e r o .  Th i s  a n g l e  mar b s  f o u n d  by e q u a t i n g  
(1) t o  z e r o  and s u b s t i t u t i n g  
I dCg dCIT 
= "t I -- + TS, -- ) ( d u t ) ,  \ d"t 
g i v i n g  
The no rma l - fo rce  c o e f f i c i e n t  t h e n  becomes 
The yawing monent due t o  t h e  t a i l  i s  t h e n  
B i n e l l y ,  t h e  c o n t r i b u t i o n  o f  t h e  v e r t i c a l  t a i l  t o  t h e  
d i r e c t i o n a l  s t a b i l i t y  i s  
st; 1 q d. C V (E&!J ;--- --- -- 
t SW biv qo [ u 7 dclTt ] dat t  ( l  . %) 
4- V 
d a t  
T h i s  e x p r e s s i o n  i s  t h e  same a s  t h a t  d a r i v e d  f o r  r u d d e r -  
V 
f i x e d  s t a b i l i t y  e x c e p t  f o r  t h e  f a c t o r  
F o r  a n y  s p e c i f i c  d e s i g n ,  v a l u c s  of u  and  v a r e  t a k e n  
f rom f i g u r e s  5 and 6, 
C a l c u l a t i o n s  f o r  a n  a v e r a g e  t a i l  i n d i c a t e  t h a t  t h o  
c o n t r i b u t i o n  of t h e  v s r t i c a l  t a i l ,  w i t h  r u d d e r  f r e e ,  may 
b e  r educed  t o  65 ~ e r c b n t  of i t s  v a l u e  w i t h  r u d d e r  f i x e d .  
T h i s  v a l u e  i s  l a r g e  enough i n  sonce  c a s e s  t o  make t h e  a i r -  
p l n n c  d i r e c t i o n a l l y  u n s t a b l c .  
D i r e c t i o n a l  c o n t r o L -  A common c r i t e r i o n  f o r  d i r e c -  
-- 
t i o n n l  c o n t r o l  i s  t h e  v a l u e  of d$f t /d i j r .  The r u d d e r  a r c n  
c o r r e s p o n d i n g  t o  a g i v e n  v a l u e  of t h i s  r a t i o  mag be  found  
f r o n  t h e  z q u a t i o n  
The v a l u e  of T i s  found  f r o n  equa t io_u  ( ( ' 7 )  and  i s  f i n a l l y  
a p p l i e d  t o  t h e  c u r v e s  of f i g u r c  4 t o  o b t a i n  s u i t a b l e  v a l -  
u e s  of s , / s ~  and s ~ / s , .  
Exc"xale.- Model 20 i s  i d e n t i c a l  w i t h  model 1 9  e x c e p t  
t h a t  i t  has  a L a r g e r  v e r t i c a l  t a i l .  I t  s h o u l d  t h e r e f o r e  
b e  p o s s i b l e  t o  c a l c u l a t e  t h e  s t a b i l i t y  of model 20 from 
t h a t  of model 19 ani':, .by a cor.lpc.rison of t h e  c a l c u l a t e d  
w i t h  t h e  e x 2 s r i m e n t a l  v a l u e ,  t o  o b t a i n  ail i n d i c a t i o n  of 
t h o  ncc 'uracg of t h e  n e t h o d s  j u s t  p re sen ted . ,  
The v e l u e  of - do i s  e s t i m a t e d ,  by r e f e r e n c e  t o  
6 IJ' 
t a b l e  VIII, a s  0.15. Then by t h e  a p p l i c a t i o n  of e q u a t i o n  
( 4 ) ,  t b c  t c i l  c o n t r i b u t i o n  t o  s t a b i l i t y  i s  c a l c u l n t c d  f o r  
mod.cl 19 :  
dCi1 ' The v c l u e  of - f o r  t h e  c0mplct .e u o d o l  w c ~ s  -0.00054; 
a*' 
t h e  c o n t r i b u t i o n  of  t h e  w i n g  and  f u s c l n g e  i s  
t h e n  -0.00054 4- 0.00056 = 0.00002. 
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For  t h e  t a i l  c o a t r i b u t i o n  o f  n o d e l  20 ,  
! 
f o r  model 20 i s  t h u s  T!ls c a l c u l a t e d  v a l u e  o f  -- 
d $1 
-0.00172 + 0.00002 = -0.001'70, i n  f a i r  agreement  w i t h  t h e  
expe r imen t  a 1  v a l u e  of -0.00156. 
C OBCLUS IONS 
The n o s e  i m p o r t a n t  of t h e  p o i n t s  n e n t i o n e d  i n  t h e  
p a p e r  a r e  l i s t e d  h e r e .  S i n c e  t h e  d a t a  were l i n i t c d  and  
u n s y s t c n s t i c ,  t h e  c o n c l u s i o n s  a r s ,  t o  a c o i ~ s i d e r a b l e  dc- 
g r c e ,  t e n t a t i v e .  
1. Thc e n d - p l a t e  s f f c c t  of t h c  h o r i z o n t a l  t a i l  ic- 
c r c a s c s  t h e  e f f e c t i v e  a s p e c t  r a t i o  of a s i n g l e  v e r t i c a l  
t a i l  by abou t  50 p e r c c - t .  
2. T h c  r a t i o  of dynamic p r c s s u r c  a t  t h c  t a i l  t o  f r e e -  
s t r e a m  dynan ic  p r e s s u r e  i s  s b o u t  0.90 f o r  s i n g l c  t a i l s  and  
a b o u t  1.00 f o r  tvrin t a i l s  n o t  i n  l a r g e  n a c e l l c  wakcs. 
3. Thc induced  f l o w  a s s o c i a t e d  w i t h  t h c  t r a i l i n g  vor -  
t c x  s y s t c n  o f  t h c  f u s c l a g c  and  t h e  wing i s  a n  i m p o r t a n t  
f a c t o r  i n  d i r e c t i o n a l  s t a b i l i t y .  Thc s i d c w a s h  i s  f a v o r -  
able f o r  low-wing a i r p l a n e s  a n d  a d v e r s e  f o r  high-wing a i r -  
p l a n s s .  
4. Fl?vp d e f l e c t i o n  i n c r c 2 s e s  s t z b i l i t y ,  p a r t i c u l n r l y  
f o r  low-wiilg airplanes. 
5. ,Dihedral r e d u c c s  s  t a b i l i t g ,  p a r t  i c u - l n r l g  f o r  low- 
wing n i r p l a n c s .  
6. F l g i i ~ g - b o a t  h u l l s  a r e  g c n c r a l l y  sonewhat  l e s s  uil- 
s  t c b l o  thnii f u s ~ l a g c s .  The f l y i n g  b o a t s  t e s t e d ,  howevcr ,  
had  unfnvor3.blc wing- fuso lagc  i n t c r f c r e n c e ,  g c n e r z l l y  r e -  
q u i r i n g  x o r o  v c r t i c n l  t:,il a r e a  t l ian fuselages 011 a i r c r ? . f t  
of c o n p a r c 5 l e  s i z e .  
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TBLE I1 
COY2ARI SOIT OF CALC-U?'dTED a U i D  E m R I  Ei337IhT, RTSDDXR EX'FECT I VEN3S S 
a~or izon ta l - t ; a i l  spans 2.58 axd 3.11 f t  vere bested. 
'gron 0,66 X 1.15, f o r  s ea led  gap. 
BACA T s c h n i c a l  Bote Go.  775 25 
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I i - ,00055 
---- i - e 0 ~ ~ 5 5  
---- / - .GO058 - e000.58 
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TABLE IV 
EFF3CT 02 V I X G  POSIQIOW ON BUDDER EFFECTIV3NESS 
AIRPLANE 6 
d.6 1. 
7J i il g .-. 
p o s i t i o n  (a) a ( d e g )  
" ~ i s s  i n g  v a l u c s  i n d i c s t  c that p r o p e l l e r  was removed. 
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TABLE V 






I dCn ' (deg) 
Flaps up Flaps down 
-0.9 -1.5 
8.3 7.7' 
































23 10.0 1 10.3 - .00075 









9.9 - .OOl29 / - .00129 
---- I----.-- - ,COO43 
11.1 :~~~~~~ - ,00085 












- .00096 - .00096 
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TABLE V I  
CONPARISON OF RUDDER EFZECTIVENESS BASED ON 
FYO METHODS Oi' D Z F I R I B G  RUDDER ARZA 
TYPE I11 F A I L S  
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TASLE V I I  




















( d e g )  
8.8 
2 . 0  
8.8 
8.8 
8 .8  
8 .8  
- .7  
- e7 
8.5 
5 0  3 
17.9 
1 5 - 7  
6 Wing p o s i t i o n :  
1 ( g u l l )  
4 ( p a r a s o l )  
"Missins vsl .ues  
2) 1 -%$ --...- -Ci.00060 b ~ . 3 6  I ,000 60 
--...- - .00061 
"Right-hand p r o p e l l e r a s  o n l y  o p e r s t  i zg .  
CSins le -engi i2e  o p e r a t i o n ,  l e f t  p r o p e l l e r  o n l y  o p e r a t i n g .  
". 36 
---- 





0 1 1-4.8 
0 I 13.9 
0 I I 1 . 3  
0  I 1.3  
0 7.8 
o i 0 1.2.7 0 1 12.4 
....--- 
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i n d i c a t e  a2.t p r o p e l l e r  
T B L Z  Vf 11 .- D I Z C T I O W  STABILITY &%D ESTIXATION OF SIDEVASH 
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  us el age! 31-selnge 
+ ning +I + 
-0.00069 
- .00116 
- .00077 - .00128 
- .OW82 - ,00120 
- .0@061 - .00089 t *31 
vert ical  
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TABLE I X  
EFFECY OF FLA.PS OB DIXECTIORAL STilBILITY OF COMPLETE AIRPLAITE 
F l a p s  down 
ElIodel 
F l a p s  up 
3. - -0 .00092 
"10.1 - , 00124  
7 8.5 8 .5  -- .00075 
8 9.5 8.0 - . 00045  
1 2  -4 .1  "-3.9 - .00022 
2.2 "2.4 - .0002S 
8e4  a8m7 - .00038 
" 
13 a2. 3 - . C O O Z ~  
a , b 2 . 3  - .00025 
.- 
15 -1 .8  1 "6.4 - .00096 
"Landing  g e a r  e x t e n d e d .  
3. b ~ r n ~ e n n a ~ e  ra i s  c d  1- i n .  8 
22  
2 3  
2 5  
26  
- -00095  
- .00071. 
- . 00071  
- .00118 
27 0 
29 1 12 .5  
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Figure l ( b ) ,  - Geometric charaeteriatics of airplanes 
and models. 
WACA Technical Rote Ho. 775 F i g .  lo 
M O D E L  9 
M O D E L  II 
MODEL 10 
M O D E L  12 
Figure l ( c ) .  - Geoaetric characteristics of af~planes 
m d  models, 
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M O D E L  13 M O D E L  14 
M O D E L  16 M O D E L  16 
4% 
F%gwe l ( d ] ,  - Oemetrie charrcterisffcs of airplanes 
and modeXa, 
XACA Technical Rote 80, 775 
M O D E L  17 
Fig. Ze 
Figure l(e), - Geometric characteristics of air~planes 
and models* 
M O D E L  21 
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MODEL 24r4d 
F i g m e  Ilf), - Geometric characteristics of a i m l m e s  
and models* 
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MODEL 25 
M O D E L  27  
F i g .  lg 
M O D E L  26 
MODEL 28,- 
-1 
Figure l(g ). - Geometric characteristics of airplanes 
and models, 
M O D E L  29 MODEL 30 
Y O D E L  31 M O D E L  3%/_<. 
,so42 
Pggure l(hf , - Gearnetpic characteristics of  airplanes 
and modelso 
NACA Technical Note No. 775 Fig. 2 
Figure 2.- The five types of 
vertical tail. 
1TACA Technical n o t e  KO, 775 r'igs.3,4 
Figure 3.- Varia t ion  o f  s lope  o f  t h e  norrnal-force curve with aspect 
r a t i o ,  A. Resu l t s  f o r  A 6 3  from re fe rence  3, r t s u l t s  f o r  
A S 3  f r o n  reference 1. 
.3 ,4 ( 5  .6 e '7 
Rat io  of r u l l e r  area t o  t a i l  a r z a , s r / s t .  
P i p r e  4.- Var i a t ion  of r e l a t i v e  rudder e f f ec t iveness  with s , / s ~  and sb/sp 
(from F ig .  19 of re ference  2 ) .  
NACA Technical Note No.775 Figs.5,6 
Ratio of rudder area to tail  area,^,/^^ 




Variation of the hinge-moment paramater u with $ and 
t 
Sipre 6.- V~riation of the hinge-moment parameter v with and 3 . 
St S r 

NACA Technical Note No,775 Fig,8 
Rudder deflection, br ,deg 
Figure 8.- Variation o f  yawing-moment coefficient with rudder deflection, 
M A  Twhniorl Iote l o .  7% 
T i g ~ r e  11.- V ~ i a ~ i 0 8 .  of r v d d a  o f i a t i t e n e e s  rZth angle of attack. 
I I I I I .90c I I I 
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Distance from center line, ft - 0 Distance from center line, ft (a) Wing position 1 (gu1l);a , 3.g0; lo ( b )  Wing position 4 (parasol); a , 4.2O; 
propeller removed. Deviation, deg propeller removed. Scale of vectors 
Figure 10.- Dynamic-pressure ratios (q/qo) and downwash angles in plane of elevator hinge line of 3 
airplane 6. 09 
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Angle of yaw,qt,deg 
Figure 12.- Variation of rudder effectiveness with angle of yaw. 
NACA Technical Note No. 775 Pig, 13 
NACA Technical Note No.775 Fig.14 
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Figure 14.- Directional stability. Yawing-moment coefficient against angle of yaw. 
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